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Introduction
products of the catchment-coast system, including those associated with sediment transport 62 pathways from catchment to continental margins under the impact of climate change and human 63 activities, have received increasing attention (Driscoll and Nittrouer, 2002; Gao, 2006) . 64 the sediment characteristics at the deposition site should result from both sediment load reduction 66 and alterations in sediment grain size and the proportion of the different sediment types 67 originating from different tributaries (which is referred to as "sediment composition" in the 68 present study). With regard to the sediment load reduction, there have been studies about the 69 impact of human activity (particularly large hydrologic projects) on changes in the sediment 70 discharge into the sea, by analyzing long-term variation trends of representative rivers (i.e., of sediment in response to human activities, together with its sedimentological and environmental 74 effects. The importance of these two factors lies in that they reflect the sediment contribution of 75 different sub-catchments to the marine deposits and determine the geochemical and sediment 76 dynamic characteristics (Gao, 2007) . Therefore, knowledge about the variations in the catchment 77 sediment characteristics during different periods is critical for an accurate analysis of the sediment 78 origin and distribution of estuary and coast-continental shelf regions and for the prediction of the 79 response of the marine sedimentary system to climate change, sea level change, and human 80
activities. 81
The Changjiang is one of the largest rivers in the world. A part of the sediment from the 82 Changjiang catchment has formed a large sub-aqueous delta system of around 10,000 km 2 83 (Milliman et al., 1985) ; and the remainder escapes from the delta, being transported to the Yellow 84 Sea, East China Sea, and Okinawa Trough, thereby exerting a considerable impact on the 85 sedimentation and biochemistry of these areas (Liu et al., 2007; Dou et al., 2010) . Recently, the 86 sediment-yielding area of the entire catchment (Shi, 2008 deep valleys, which is not beneficial to vegetation restoration (Lei and Huang, 1991；Yang, 2004) . 154 Therefore, the water and soil erosion governing effect in Jinsha River was not as obvious as that in 155
Jialing River (BSWC, 2011), reservoir interception is still the dominating factor leading to the 156 sediment load reduction. 157 We acquired the annual sediment load data for 26 hydrological stations distributed in the 187 main reach and seven of the tributaries. The dataset for these gauging stations covers a 55-year 188 for the Min River, the Beibei station for the Jialing River, and the Wulong station for the Wu River. 192
The Huangzhuang station is the control gauging station for the Han River. There are ten 193 hydrological stations distributed in the Dongting Lake system: four stations are located at the four 194 tributaries entering Lake Dongting i.e., the Xiangtan station for the Xiang River 
Analytical methods

218
The Mann-Kendall test (M-K test) is a nonparametric method, and it has been used to 219 analyze long-term hydro-meteorological time serials trend (Mann, 1945; Kendall, 1955) . This test 220 does not assume any distribution form for the data and is as powerful as its parametric competitors 221 The mean and variance of the normally distributed statistic dk were defined as 230
Then, the normalized variable statistical parameter UFk was calculated as 233
where UFk is the forward sequence, and the backward sequence UBk was obtained using the same 235 The changes of the total RSCI and sediment load of tributaries and the whole Changjiang 266 catchment indicate that the stepwise decrease of sediment load is highly related to the significant 267 increase of the total RSCI. In addition, over the last few decades, the cumulative water and 268 sediment discharge relation of each tributary continuously changed, with the slop of curve 269 respectively, suggesting that the downstream sediment load began to decrease earlier than the 280 upstream sediment load in the upstream of Changjiang catchment. In addition, the M-K trends of 281 sediment load of Jinsha River did not pass the 95% confidence test, and that of Wu River, Jialing 282
River and Min River passed the 95% confidence test in 2004, 1990 and 2008, respectively, 283 indicating that the sediment load variations of the three rivers appeared significant decreasing 284 Overall, four stepwise reduction stage periods of the sediment load discharging into the sea 339 of the Changjiang were observed, namely, 1956-1969, 1970-1985, 1986-2002, and 2003-2010. In Yichang station greatly increased, and the sand fraction significantly decreased (Fig. 7) ; whereas, 378 although the sand fraction of Datong station still had no obvious variation trends, the clay content 379 increased, and the silt content reduced. In addition, before 2003, the silt and clay content appeared 380 no obvious discrepancy between Yichang and Datong station, and the sand content fraction of 381 Yichang station was slightly greater than that of Datong station; however, after 2003, the sand 382 content fraction of Datong station was significantly greater than that of Yichang station, and the 383 clay content of Datong station was less than that of Yichang station, which implied that other 384 sediment sources (not the seven tributaries of Changjiang) supplied sand fraction to 385
Yichang-Datong reach of the Changjiang. The above analysis suggests that although the average 386 value of the grain size of the sediment entering the sea during the different periods did not greatly 387 alter, the inter-annual variation range and sediment components and origin changed considerably. 388 
462
The variations in the sediment characteristics of the Changjiang entering the sea have 463 composition of sediment entering the sea changed rapidly in recent decades, resulting in rapid 465 changes in characteristics of the sediment entering the sea. Generally, catchment sediments into 466 the sea contain rich catchment environmental change information, thereby becoming an 467 important medium for identifying previous catchment changes (Brown et al., 2009) . 468
Estuary-coastal-continental shelf areas are the final destination of catchment sediments; however, 469 the gross sedimentary flux, terrestrial material tracing, sedimentary records interpreting, and 470 sediment dynamically modeling of these areas are closely correlated to the sediment load entering 471 the sea, the sediment composition and sediment grain size (Gao, 2013). Therefore, above changes 472 will bring about more uncertainty, which deserves further investigations. 473 474 6. Conclusions
475
(1) The increment of reservoir storage capacity is significantly correlated with the decrease in 476 the sediment load, which reflected the impact of dams on the sediment load of tributaries and the 477 entire Changjiang catchment. 478
(2) The patterns of sediment delivery from the sub-catchments of the Chnagjiang River have 479 been changed, with significant spatial-temporal differences in the sediment load variations of the 480 Changjiang main stream: four stepwise reduction stages were identified, i.e., 1956-1969, 481 1970-1985, 1986-2002, and 2003-2010 . There was a lag of the decrease in the sediment load at 482 upstream locations compared with those at downstream locations. 
